Introduction
SEVERAL STUDIES of changes of lipids and acid glycosaminoglycans (GAG) in human aortas with increasing age or increased atherosclerosis have been reported. 1 
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the exception of the aorta, however, our knowledge of chemical changes in arterial walls, especially in the intima, is very limited. In a previous study, we demonstrated that the concentration of esterified cholesterol, chondroitin sulfate-4/6 (CS-4/6) and hyaluronic acid (HA) is strikingly low in cerebral arterial intima-'media preparations in comparison with other arteries. arteries and the aorta. The present study on the intima alone confirms our previous findings on intima plus media and also demonstrates a parallel increase in the content of chondroitin sulfates and cholesterol in the cerebral arteries, but not in the other arteries.
Methods
Aortas and coronary and cerebral arteries were obtained consecutively at autopsy from 257 Japanese men and women at the Kyushu University Hospital, Fukuoka, Japan. The cerebral vessels included the basilar, the vertebral, the intracranial part of the internal carotid, the anterior, middle and posterior cerebral arteries, and the circle of Willis as used in the previous study. 6 In the present study, the small cerebral arteries (approximate diameter several hundred microns) in the basilar areas also were examined. The surrounding adventitia and pia mater were carefully removed under a dissection microscope. The aorta was opened longitudinally and divided into grossly normal areas and diseased areas. The diseased areas of the aortic intima were divided into diffuse intimal thickening (DIT), fatty streak (FS), fibrous plaque (FP), fibrofatty plaque (FFP), atheroma and complicated ulcerated or calcified lesions. The coronary and cerebral arteries were divided into grossly normal and atherosclerotic lesions. The arterial preparations were separated into the intima and media except the small cerebral arteries in which the intima was not separated from the media. It was confirmed histologically that the intima preparations from the aortas and coronary arteries contained an intimal layer including a musculo-elastic layer, and the intima from the cerebral arteries contained an intimal layer with internal elastic lamina; all intima preparations processed for histological examination revealed no contamination by the media as shown in the previous report. 7 In order to obtain a sufficient amount of tissue for chemical determination, the tissues were pooled according to the following ages: 0 to 20, 21 to 40, 41 to 60 and more than 61 years. The number of samples given in the tables represents the number of pools but not the number of cases pooled.
Measurements of total cholesterol, esterified cholesterol, and GAG were performed as described previously. 2 Approximately 100 mg of the dried tissue were used for GAG analysis. In the present study DNA was determined fluorometrically according to the method of Kissane and Robins, 8 after overnight digestion of the dried arterial materials with papain. 3 The concentration of cholesterol and GAG was expressed as milligrams per gram of fat-free dried tissue weight or per milligram of DNA content.
Results
Concentration of cholesterol and GAG in grossly normal arterial intima and/or media is presented by age groups in tables 1 and 2, respectively. Age-related increases of choles- terol in the intima seemed to be more remarkable than in the media of all arteries. Concentrations of cholesterol, especially EC, and percentages of EC (EC %) in the intimas of the cerebral arteries were significantly lower in patients less than 60 years than were those in the aorta. EC was significantly lower in the media than in the intima of the aorta and coronary arteries. However, EC content of the intima was not higher than that of the media in the cerebral arteries in patients less than 40 years. In the present study, total GAG and CS-4/6, dermatan sulfate (DS) and HA were significantly and consistently lower in the intimas of normal cerebral arteries but not in the coronary arteries when compared to normal aortic intimas in all age groups. The percentage of CS-4/6 and DS in total GAG increased with increasing age in cerebral arteries. The percentage of HS in total GAG of the cerebral arteries was significantly higher than that of the aorta and coronary arteries at all ages and appeared to decrease with age. The percentage of DS of the media in the cerebral arteries (more than 20%) was significantly higher than that in the aorta or the coronary arteries. The content of total GAG and CS-4/6, and the percentage of CS-4/6 in the media were significantly lower in cerebral arteries than in the aorta and the coronary arteries. The percentage of DS in the coronary artery appeared to be low compared to the aorta or cerebral arteries. Content of cholesterol and GAG in the small cerebral arteries was similar to those of the larger cerebral vessels (table 3) . Although age-related changes of GAG in the normal intimas and medias of the various arteries was not clear, contents of CS-4/6 and DS appeared to increase only in the cerebral arterial intima. The highest percentages of HS as well as the lowest contents and lowest percentages of CS-4/6 and cholesterol esters (EC%) were one of the characteristic features of the normal intima of the cerebral arteries, when compared to the other arteries.
Content of total GAG, CS-4/6, and HA in terms of milligrams per milligram DNA of the cerebral arterial intimas was also significantly lower than those in the aorta and coronary arteries as shown in table 4. Contents of HS per milligram of DNA were almost the same in the aorta, coronary and cerebral arteries.
Contents of GAG and EC in the normal and atherosclerotic lesions of the aorta, coronary and cerebral arteries are shown in tables 5 and 6.
In the aorta, the content of EC increased remarkably in the atherosclerotic lesions, especially in FS, FP, FFP, atheroma and complicated lesions. Although the content of total GAG appeared to increase slightly in FS of aortic intima in patients less than 40 years of age compared to normal vessels, its increase was not statistically significant. An increase of DS percentage was observed in FS in patients less than 20 years of age and in atheroma or complicated lesions in patients more than 40 years. In lesions of DIT at age 21 to 60, there were no significant changes in the concentration and composition of GAG, and probably in EC as well. For patients more than 61 years, however, the percentagg of HS decreased significantly in DIT. In more advanced lesions such as FP, FFP, atheroma and complicated lesions, contents of total GAG seemed to decrease with an increase of EC, probably because of an increase of fibrous and calcified tissue. An increase of DS and a decrease of HS in percentage were significant in advanced lesions of the aortic intima in patients more than 41 years. Changes of percentage HA were not consistent.
On the contrary, contents of total GAG and percentage of CS-4/6 and DS in the atherosclerotic intima of the cerebral arteries increased remarkably when compared to those in the normal intima. The increase of CS-4/6 and DS was statistically significant not only as the percentage of total GAG but in relation to tissue weight (table 6). Though there was no significant difference in the concentration of HS or HA between the lesions and normal intima, the percentage of HS in total GAG in the lesions decreased significantly.
In the coronary artery, an increase of CS-4/6 and a decrease of percent HS were observed in atherosclerotic lesions when compared to normal (table 6) .
The correlation between contents of EC and percentage or contents of various GAG in all arteries was determined (table 7) . There was a significant positive correlation between content of EC (log EC) and content as well as percentage of CS-4/6 or DS in the cerebral arterial intimas (r = 0.82 and 0.83 for CS-4/6 respectively, r = 0.86 and 0.74 for DS respectively). Also, there was a significant positive correlation between the contents of EC and percentage of DS (r = 0.28) and negative correlation between the contents of EC and HS and/or HA (r = -0.50 and -0.36 respectively) in the aortic intima. EC and percentage of HA in the coronary intima correlated negatively.
Discussion
These data demonstrated that contents of total GAG, CS-4/6, HA and EC of the grossly normal intima in the cerebral arteries are significantly low in terms of milligrams of GAG or EC per gram of the dried defatted tissue or per milligram of DNA throughout all age groups when compared with those in the aorta and coronary arteries. This finding confirms the results of the previous studies of preparations containing intima plus media.
8 " 6 Also, the present study demonstrates that the percentage of HS in total GAG is significantly higher in the normal intima of cerebral arteries and that of DS is lower in the coronary arteries in comparison with the aorta.
In the present study, changes of various GAG with age and atherosclerosis were mainly evaluated in terms of percentage of each GAG in the total GAG instead of absolute contents, because increases of the metabolically inactive fibrous materials and minerals of the arterial wall with increasing age or atherosclerosis may significantly reduce values of the absolute contents of GAG and may obscure true metabolic changes of GAG with age or atherosclerosis. The high percent content of HS and low percent content of CS-4/6 were characteristic features of the GAG of the intima of the cerebral artery. As reported previously, 4 the lower percentage of CS-4/6 and higher percentage of HS were also found in the extracranial part of the internal carotid artery, where atherosclerosis develops less frequently than in the common carotid artery or the aorta.
It is well known that the intima of the intracranial artery has tight junctions between endothelial cells and shows a very low permeability for plasma constituents compared to the aorta or the coronary artery. 8 ''" Diminished accumulation of esterified cholesterol with increasing age in the cerebral arterial intima as demonstrated in the present study may result from this low permeability for plasma components.
The fact that we had observed parallel increases of CS-4/6 and/or DS and esterified cholesterol in the cerebral artery may be consonant with the findings in the present study that DS is known to be bound with insoluble collagen, 11 and increases with advanced atherosclerosis, and that content or percentage of CS-4/6 is remarkably low and increases with age in normal cerebral arterial intimas. An increase of both percentage and total content of CS-4/6 in grossly normal intimas with increasing age was found in the cerebral vessels, but not in the aorta or coronary arteries. These results are consistent with the observation of Zugibe 12 in which fragmentation and reduplication of the internal elastic membrane are absent in cerebral arteries of young juveniles but are present in the aorta and coronary arteries in infants. Our previous study 6 revealed that contents of hexosamine and uronic acids as well as cholesterol increased significantly with an increase of arterial pressure in the cerebral arteries, but not in the aorta and coronary artery. It has been shown experimentally that hypertension in animals increases vascular permeability. 13 '" There are several reports demonstrating that macroscopic severity as well as cholesterol content of the aorta and coronary arteries from Japanese cases are remarkably low. Those of the cerebral artery are even rather high compared to those from Caucasians. 6 ' 15~" Meyer et al. 18 -'" reported a significantly greater extent of aortic and coronary atherosclerosis in South African Caucasians than in Bantus. However, there was no difference in severity of cerebral atherosclerosis between South African Caucasians and Bantus."• 19 It is postulated that any process inducing an increased permeability of cerebral arterial intima toward lipoprotein should enhance atherogenesis. Whether aging and arterial hypertension first induce an increase of CS-4/6 and total GAG of the cerebral artery, which results in an increased permeability toward lipoprotein, requires further study. From these considerations, effects of age and hypertension appear to be dominant factors in atherogenesis in the intracranial arteries.
